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A series of laboratory experiments was performed to
determine the validity of the theory of auto-suspension
in the transport of fine sediment by fluid flows traveling
down a slope. As proposed by Bagnold the theory states
that under conditions where the product of the velocity
of the flow and the slope of the surface over which it
travels is equal to or greater than the fall velocity of
the sediment in sti.ll water the flow will not have to ex-
pend any energy to keep the sediment in suspension. Un-
der such conditions a flow would be able to suspend all
of the fine sediment available to it.
The experiment consisted of a series of runs ,conduc-
ted in a closed recirculating flume with a 5 cm X 5 cm
rectangular Plexiglas working section 3 meters long. Five
different sediment fractions of uniform grain size ranging
from 10 microns to 105 microns and derived from natural
silts were used in the runs, with enough sediment present
in each run to maintain a bed and thus assure both the
saturation of the ability of the flow to suspend sediment
and the availability of sediment to accommodate any increase
in the suspending capacity of the flow.
The first part of each of the two-part runs was con-
ducted with the slope equal to zero so that the conditions
for auto-suspension were not met and with the velocity in
the flat-bed regime in order to avoid the uncertain effect
of ripples. During the second part the slope was increased
until it was well above that necessary for auto-suspension,
while all other flow parameters remained fixed as was in-
dicated by the constancy of the velocity and the hydraulic
head. Comparisons of the suspended sediment concentration
sampled from the same point within the flow during each
part indicated no change in the amount of suspended sedi-
ment under conditions where the auto-suspension criterion
was fulfilled from that observed when it was not fulfilled.
This result indicates that the auto-suspension criterion
has no meaning in relation to the ability of a flow to
suspend sediment and that the energetics analysis employed
by Bagnold to derive the criterion does not adequately
describe the processes important in the system.
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INTRODUCTION:
The Theory of Auto-Suspension
Bagnold (1962) proposed the theory that under certain
conditions a turbulent fluid flow carrying suspended sedi-
ment down a sloping bed will be stable without the fluid
having to supply any energy to maintain the sediment in
suspension. By analyzing the energetics of the system he
determined that the criterion governing this phenomenon
is that the product- of the average sediment velocity and
the slope of the bed must be equal to or greater than the
fall velocity of the particles through the still fluid.
For such an analysis let m be equal to the mass of
all suspended sediment particles above a unit area of the
bed, fs the density of such particles, and fg the density
of the surrounding water. Also let the bed be inclined
to the horizontal at an angler, the average transport
velocity of the particles be U parallel to the slope, and
the mean flow velocity of the water be ii in the same di-
rection (Figure 1).
The mass m will be falling steadily toward the bed
at the fall velocity w of its grains. For the system to
be stable the center of gravity of the mass m must remain
at the same distance above the bed. Therefore the turbu-
lence must be continually raising the particles against
the force of the immersed particle weight at the same
velocity w relative to the water. The energy per unit time
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(after Bagnold, 1962)
(a) Forces and relative velocities.
(b) Power elements
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(power) supplied to the sediment by the flow will be equal
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gmw
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For the flow to be stable the power thus expended
by the water on the suspended particles must be replenished.
One source of this power will be the slope-parallel com-
ponent of the force of gravity acting on the excess mass
of the suspended sediment. The power provided by this
force will be
fPs -)w-
gms in,8Js
and will be transmitted to the water as a whole by the
viscous drag on the water surrounding each particle. Thus
the net power supplied to the system by the water is
Swgm(w-Usin#)Ps
This relation becomes zero when
w = UsinA
independently of the amount of sediment that is suspended.
Since the slip is small, the sediment velocity U can be
taken as being approximately equal to the more easily mea-
surable water velocity i. Under conditions where Usinp>w,
not only is it no longer necessary for the water to sup-
ply energy to the sediment to keep it in suspension, but
the sediment is actually supplying energy to the water.
In a sense the sediment is transporting the water instead
of the other way around.
According to Bagnold such a flow would manifest it-
self in three ways:
1) Fine sediment would be suspended in quantities
limited only by its availability and by the effect at ex-
tremely high concentrations of increasing the viscosity
and thus reducing the necessary turbulent activity. This
is because the auto-suspension criterion is independent
of the concentration involved. Increasing the amount of
suspended sediment increases the power being supplied to
the flow to suspend sediment, which in turn increases the
amount suspended.
2) The concentration of fine sediment will increase
away from the bed instead of decreasing, as is the case
in ordinary flows, because the mean flow velocity increases
away from the bed. Thus suspending particles higher in
the flow gives them a greater U, which increases the power
they can supply to raise particles higher in the flow.
3) Grains for which w just exceeds Usin# will be
found in greatest concentration where U is the greatest,
which in open channel flows will be at the free surface.
This is because the increasing velocity away from the bed
will enable some grains to stay in suspension if they are
high enough in the flow while grains of the same size will
settle out of the lower regions of the flow, thus resulting
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in the greatest concentration of these grains being in
the fastest part of the flow.
Bagnold cites as evidence supporting the auto-suspension
concept the observations that in rivers during floods the
suspended sediment load is extremely high, but the mean
sediment size being transported is of small enough diameter
that the criterion for auto-suspension is fulfilled. Also
observed is that fine sediment sizes are either distributed
uniformly throughout the flow or actually decrease in con-
centration toward the bed.
Bagnold has applied this theory to the flow of tur-
bidity currents in the ocean and uses it to account for
the apparently anomalous ability of such currents to main-
tain their sediment load in suspension while traveling
hundreds of miles over ocean floor with exceedingly small
slope. Despite his cautionary concluding statement that
"since the chances of observing it in nature seem remote
the theory will remain in the realm of speculation until
quantitative laboratory experiments are made," several
investigators have applied it to the mathematical modeling
of turbidity currents (Middleton, 1966; Komar, 1969; Bye,
1971; Komar, Kulm, and Harlett, 1974). The auto-suspen-
sion criterion was used in these studies to provide a lower
limit on the velocity of a turbidity current under various
conditions by assuming that for the current to be stable
and not be dropping all of its sediment and dying out it
must be moving fast enough on the available slope for auto-
suspension to be taking place. While Middleton alludes
to experiments with turbidity currents which failed to
attain the stability predicted by auto-suspension and thus
doubts the accuracy of the criterion, he goes ahead and
applies it-.
The theory has similarly been applied to the inter-
pretation of environment of deposition for turbidite con-
glomerates and other sedimentary formations (Fisher, 1968;
Komar, 1970) and even to speculation on the nature and
extent of aeolian sediment transport on the surface of
Venus (Ronca and Green, 1970).
The problem of the effect of fine suspended sediment
on the nature of a turbulent flow is very complex and poorly
understood. Various aspects have been investigated by
many researchers (Bagnold, 1954; Elata and Ippen, 1961;
Southard, 1967; Bohlen, 1969), but the problem still remains
that the lack of understanding of the detailed mechanics
of such flows can lead to oversimplifications of the pro-
cesses involved.
The two major approaches used in analyzing this sys-
tem are from the point of view of dynamics and kinematics
and from that of energetics. Dynamics and Kinematics are
concerned with the forces acting on and the resultant mo-
tions of the individual grains within the turbulence struc-
ture of the fluid, and as a result it is necessary to know
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what the nature of the turbulence structure is and how
it affects and is affected by the suspended particles.
This information is difficult to obtain because detailed
observations of the turbulence structure are extremely
difficult to make.
For this reason Bagnold employs the approach of ener-
getics in studying this system and uses it to derive the
theory of auto-suspension. Energetics is concerned with
the transfer of energy and power within the system, and
according to Bagnold (1962) is preferable to the dynamic
and kinematic approach because "we can thereby get some
idea of the possibilities without necessarily understanding
the details of the turbulence mechanism." Unfortunately,
in formulating and applying the energy equations it is
still necessary to make assumptions concerning the details
of the turbulence mechanism and the interdependence of the
various parameters of the flow. Making such assumptions
without this detailed knowlege of the turbulence mechanism
which must be gained from controlled experiments can only
lead to theoretical results which may be incorrect and
which in any case must still be tested by controlled ex-
periments.
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THE EXPERIMENT
The experiment described in this paper was designed
to provide a critical test of the validity of the concept
of auto-suspension of fine sediment in a moving fluid as
proposed by Bagnold (1962).
This was accomplished by making the runs in two parts
with all parameters such as sediment, velocity, and flow
characteristics held constant and only the slope of the
bed varied between the two parts. During the first part
of each run the bed was horizontal (sinA = 0) and thus
the criterion for auto-suspension was not met. During
the second part the bed slope was increased above zero
sufficiently for the criterion to be fulfilled by a wide
margin. In other words, the slope was great enough that
the product of the slope and the velocity U was much greater
than w, the vertical fall velocity of the sediment particles.
At all times during each part there was enough sedi-
ment on the bottom to ensure that the flow was suspending
all that it was capable of and to provide a source of more
sediment should the ability of the flow to suspend sediment
increase. Because the experiments were conducted in a
closed channel with no free surface, the flow characteris-
tics were uniquely determined by the channel geometry and
the pressure gradient applied to it by the pump and the
flow control valve. When the flume was horizontal the en-
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tire driving force for the flow was this pressure gradient
over the length of the channel which established an energy
grade line for those flow conditions. As the slope of the
channel was increased from zero the driving force due to
the pressure gradient decreased linearly while that due
to the component of gravity parallel to the bed increased
linearly such that a constant driving force was maintained
independent of the slope. When the slope reached the point
where the bed.was parallel to the energy grade line the
driving force was entirely due to the gravity component.
In the equations of motion for this system the velo-
city and Reynolds stress terms do not depend on the contri-
butions of the pressure and gravity forces but only on
their sum, the total driving force. Since this driving
force does not vary with slope, the change in slope will
not affect the velocity or Reynolds stress and hence will
not affect the turbulent structure of the flow. Observa-
tions that the velocity as indicated by the manometer reading
and the pressure gradient as determined from measurement
of the hydraulic head behaved as described ensured that
the flow parameters were not altered by the change in channel
slope.
This provided a meaningful test of the auto-suspension
theory since changing the slope would bring the flow across
the threshold defined by the auto-suspension criterion
without significantly changing any other flow characteristic.
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EXPERIMENTAL APPARATUS
The Flume
The runs were conducted in a closed recirculating
flume with a rectangular Plexiglas working section 5 cm X
5 cm in cross section and 3 meters long (Figure 2). The
standpipes, head, and tail sections were made of standard
2" I.D. aluminum pipe and fittings and were attached to
the ends of the Plexiglas section. These members were
supported by a rigid wood and metal structure which allowed.
them to be tilted as a unit. A short length of 1" I.D.
flexible Tygon tubing connected the tail section and flow
meter assembly to the centrifugal pump which was in turn
connected to the Tygon return line. Between the return
line and the head section was a large gate valve used for
controlling the fluid velocity in the flume.
The pump was driven by a 2 h.p. motor equipped with
variable-pitch pulleys to provide a speed control on the
pump and to minmize the temperature rise in the system
due to the pump impeller heating the water. With this sys-
tem the temperature rise during a run could be kept to
less than 2 C.
This entire motor, speed control, and pump assembly
was structurally separate from the support for the channel,
head, and tail sections. The Tygon tubing provided the
flexibility necessary to tilt the working sections while
a a
Figure 2
OUTLINE ELEVATION OF FLUME
A 4
LEGEND TO FIGURE 2
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15. Flow Meter
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4.
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6.
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leaving the driving mechanism stationary. It also provided
some measure of mechanical isolation from the vibration
of the pump and motor.
Due to the small size of the flume the flow charac-
teristics are far from ideal, with considerable secondary
flow and large scale turbulence at the entrance to and
exit from the working section. However, all such charac-
teristics, although undesirable, should have no effect on
the outcome of this- experiment since they will remain the
same during each part of any given run and will thus not
contribute to any observed differences between the parts.
Flow Meter and Calibration
The reducing couplings used to connect the 2" alumi-
num pipe of the tail section to the Tygon tubing leading
to the pump were machined to provide a Venturi-type flow
meter necessary to accurately determine the average flow
velocity. Pressure taps positioned as shown in Figure 2
were connected to a U-tube manometer containing an indi-
cator fluid with a specific gravity of 1.732. This pro-
vided a discharge velocity measurement system which was
very sensitive to even the smallest changes of position
of the flow control valve.
The meter was calibrated by measuring discharge using
the arrangement illustrated in Figure 3. This resulted
in the curve of Figure 4 for the channel velocity U vs
Figure 3
FLOW METER CALIBRATION SET-UP
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Figure 4
FLOW METER CALIBRATION CURVE
the square root of the manometer reading in inches, 4ff.
While the overhead supply tank was not arranged so as to
maintain a constant head, the change in head during a mea-
surement was small enough at all but the highest discharge
settings so as to be negligible, as evidenced by the con-
stant reading on the manometer throughout each calibration
measurement. This loss of head did cause the manometer
reading to drop during the highest discharges, and this
is reflected in the error bars and increased scatter of
these points. Due to the fairly low Reynolds Number of
the flow in the meter, the discharge coefficient as given
by Cd = Qactual /Qideal was not constant and was in a range
of Reynolds Number below that covered by most standard
curves for the discharge coefficient.
Despite the non-standard geometry of the meter and
the lack of a constant discharge coefficient, the accuracy
of the calibration measurements and the small scatter of
points along the calibration curve result in a dependable
means of determining the average channel velocity with a
high degree of confidence.
Sediment
The sediment used in each of the runs consisted of
fractions of uniform grain size derived from two different
natural sources. Of the five sizes used (see Table 1),
the two fractions with diameters less than 30 microns were
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hydraulically sorted from a loess silt from Illinois con-
sisting almost entirely of angular, equant quartz chips
and fragments. The hydraulic sorting process can be used
to remove all of the grains above the desired size range,
but it will leave in part of the grains below this range.
By repeating the sorting process three times, virtually
all of the smaller grains were removed, as was indicated
by the small amount rempved with the third sorting.
The remaining-three sediment sizes were derived from
a California stream silt by sieving. This silt consisted
of about 96% quartz with the remainder being primarily
garnet and zircon with minor amounts of muscovite and mafic
minerals and was composed of angular to subangular grains,
a large portion of which were elongate in shape. Each
sample consisted of the sediment which passed through a
sieve with holes of the upper limit of the size range and
was retained on a screen of the lower limit. As with the
hydraulic sorting method, this ensured the complete removal
of grains larger than the stated size range, but permitted
some grains which were smaller than the lower limit to
remain in the sample. This effect was minimized by shaking
the sieves for.a long period of time in order to allow
nearly all of the smaller grains to fall through. Thus
for all the sediment fractions used in the runs virtually
all of the grains were within the stated size range, with
a small amount being smaller and none being larger.
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This was important for this study since the value for
the auto-suspension criterion was calculated for each run
using a fall velocity for grains with diameters equal to
the upper limit of the size range. Since all of the grains
were smaller than this size, this value applied.to the en-
tire sampl'e. In a similar way the shape factor of the
grains was not important because any deviation from the
spherical shape which w~ps used in calculating the fall velo-
city for the auto-suspension criterion would only have re-
duced the fall velocity so that the same criterion would
still be sufficient to ensure auto-suspension. In other
words, only the maximum grain size present in a sample
was important in determining a value for the auto-suspen-
sion criterion which applied to all of the grains present.
Because the sizes used in these runs all fell within
the size range for which Stokes' law for the settling velo-
city applied, this was used to determine the fall velocity
both for the hydraulic sorting and for the calculation
of.the auto-suspension criterion.
Head Measurement and Calibration
The height of the water was measured in the standpipes
at either end of the working section using a point gage
to determine the distance which the water level was below
the top of each standpipe. The standpipes were adjusted
so that with still water and a horizontal flume the dis-
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tance.s were equal and the tops of the standpipes provided
a datum line parallel to the bed of the channel. This
adjustment of the pipes was rechecked between each run
to assure the accuracy of the measurements of hydraulic
head. In most cases the head could be measured to within
i mm.
The purpose of measuring the hydraulic head was to
provide a rough indication of the pressure gradient through
the channel, which was an assurance that changing the slope
did not alter other parameters of the flow.
Bed Slope Control and Calibration
The slope of the channel was controlled and varied
by jacking up the head end support and placing thin blocks
of known thickness under it. The flume was then lowered
back onto these blocks. This system was calibrated with
still water by measuring the difference in the distances
below the standpipe tops of the water level in each stand-
pipe. This difference divided by the distance between
the standpipes provided the slope of the channel produced
by that set of blocks.
Before each run the bed was carefully leveled by par-
tially filling the working section with water and adjusting
the bed so that the bed and the water surface were parallel.
This ensured the zero slope necessary during the first part
of each run.
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Concentration Sampling and Determination
In order to determine the concentration of suspended
sediment during each part of each run, samples of the water-
sediment mixture were removed from the tail standpipe by
siphoning. The siphon was so arranged as to provide a con-
stant head and thus a constant rate of fluid removal during
the sampling procedure. This removal rate was the same
for each sample taken dring a given run.
The siphon consisted of a flexible Tygon tube attached
to a rigid 25 ml graduated Kimax pipette which was held in
place by a mounting bracket. The positioning of the pipette
in the mounting bracket and the attachment of the bracket
to the standpipe could be used to precisely control the
position of the tip of the sampler within the flow.
Samples taken were on the order-of one-half liter in
order to provide an average value for the flow on a time
scale which was much longer than that associated with the
passage of turbulent eddies. During the sampling period
a second siphon was replacing water at an equal rate down-
stream of the sampling point so as to maintain a constant
amount of water in the system.
The samples thus taken were weighed, dried, and the
sediment weighed to determine a weight per cent concentra-
tion.
Considerable care was taken to remove the sample from
the same point in the flow during each part of a run. This
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was usually from near the center of the flow, although
one run was repeated with samples being taken from differ-
ent distances above the bottom to see how the concentration
varied vertically through the flow. The results confirmed
the purely visual determination that the concentration
was very low near the top of the flow, but other changes
made between the runs make a quantitative comparison of
doubtful meaning.
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EXPERIMENTAL PROCEDURE
.In preparation for each run the flumewas emptied and
thoroughly flushed to remove any sediment from previous
runs. Runs were made in order of increasing grain size
to ensure that any sediment left in the system from a pre-
vious run would be smaller than that currently being used
and therefore still below the size for which auto-suspen-
sion would no longer take place in the current run.
The flume was.-then partially filled with water which
had been permitted to stand at room temperature and pres-
sure long enough to allow the dissolved gases to escape
and the water to come to room temperature. The manometer
was cleared of any bubbles and zeroed, and the bed and
standpipe datum line were carefully leveled against the
free water surface. The flume was then filled the rest
of the way, the pump started, and the flow control valve
opened until the desired U was reached. U was chosen to
be in the flat-bed regime since the presence of ripples
on the bed would have an uncertain and unsteady effect on
the flow. With the flow at this speed the sediment was
slowly added until there was somewhat more in the system
than the flow was capable of suspending and some sediment
remained on the bottom to form a bed.
In most runs enough sediment was added to form a com-
plete be in order to ensure unequivocally the availability
of sediment for suspension, but in one run this was limited
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to an incomplete bed of continually shifting strands of
sediment. In either case there was at all times sediment
on the bottom of the flume either at rest or being trans-
ported as bed load which was available for suspension should
auto-suspension begin taking place.
Once the sediment was added the system was allowed to
run for a short time to come to equilibrium. For the flat-
bed regime this was observed to require only a few minutes,
after which there was no observed change in the flow or
in the sediment forming the bed. Just prior to sampling,
the hydraulic head was measured and the water temperature
noted. The sampler was then positioned on the standpipe
and the sample withdrawn. This completed the first part
of the run. At this point it was again verified that there
was still more sediment than the flow was capable of sus-
pending, to ensure that the sampling process had not re-
moved all of the excess sediment.
For the second part the flume was elevated to some
slope and the flow again allowed to equilibrate. The velo-
city remained the same as for the first part. After sev-
eral minutes with no further change in the amount or nature
of the sediment on the bottom the head and temperature were
again measured, the sampler returned to the previous posi-
tion, and the second sample withdrawn. For most runs the
flume was allowed to continue running under these conditions
for at least half of an hour to ensure that there were no
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further changes and the system had indeed been at equilib-
rium when the sample was taken. As was stated previously,
the temperature rise between sampling times was for all
runs less than 0.5 0C, and therefore had negligible effect
on the viscosity, fall velocity, and other temperature-
dependent flow characteristics.
RESULTS AND OBSERVATIONS
Table 1 summarizes the results of the experiment.
The suspended-sediment concentration changed very little
between the parts of each run, and any change was within
the experimental error inherent in the sampling and weighing
techniques. The fact that at all times there was sediment
available for suspension indicates that the measured con-
centrations reflect' the maximum amount of sediment which
the flow was capable of suspending.
While it would be impossible to make an accurate pro-
file of sediment concentration with the sampling procedure
used, it was possible to make qualitative observations based
on the appearance of the flow. The sediment less than 30
microns in diameter rendered the water opaque in even small
concentrations, and this precluded any visual determination
of concentration profile in runs using such sediment. How-
ever, runs using sediment coarser than 53 microns showed
a very obvious decrease in the amount of sediment away from
the bed, ending in nearly clear water at the top of the
flow. Despite the fact that the conditions for auto-sus-
pension were met for all the grains present, the suspended
sediment was neither distributed evenly throughout the flow
nor concentrated in the central region where the velocity
was greatest.
The last run of the series was of special interest.
Table 1
TABULATED EXPERIMENTAL RESULTS
Part Diameter
microns
10<d<20
10Cd<20
20<d<30
20<d<30
w(max)
cm/sec
0.037
0.037
0.093
0.093
Head
cm
2.2
2.5
2.5
2.4
cm/sec
33
33
45
45
sin3
0.0
0. 00382,
0.0
0.0115
Usin
cm/sec
0.0
0.126
0.0
0.517
Concentration
wt. %
2.1
2.06
3.84
3.80
53<d<63 0-395
53<d<63 0.395
74<d<88 0.76
74<d<88 0.76
88<d<105 1.07
88<d<105 1.07
* Incomplete bed
Run
1
2*
4.6
4.51
6.4'
6.3
53
53
60
60
67
67
0.0
0.0142
0.0
0.0142
0.0
0.0214
0.0
0.75
0.0
0.85
0.0
1.43
1.1
1-1
0.88
0.86
0.90
0.825
Due to the large grain size and correspondingly high fall
velocity the slope had to be extremely high to fulfill
the conditions for auto-suspension. As the run progressed
the flow built up the bed in the lower end of the channel,
apparently in association with the development and thickening
of the boundary layer in the flow above the bed. The net
effect of the reshaping of the bed by the flow was to re-
duce the slope from 0.0214 to about 0.020 and to increase
U in that section of the channel from 67 cm/sec to about
74 cm/sec. Thus Usin4 increased from 1.43 to 1.48. In
other words there was net deposition in a region of the
flow where the auto-suspension criterion was not only met,
but the amount by which it was exceeded was growing.
CONCLUSIONS
- Bagnold (1962) states that under conditions where the
criterion for auto-suspension is fulfilled the flow will
suspend all of the sediment available to it until the con-
centration becomes so great that collisions between grains
are removi'ng more energy from the flow by frictional dis-
sipation than the additional grains would supply. He sets
this limit at 9% by volume, which for the sediment used
represents a concentration of about 18% by weight.
As can be seen in Table 1, this is many times higher
than the measured concentration of any run. While this
limit is itself open to question and in need of quantitative
experimental investigation, the concentrations of the runs
were quite low and certainly not all that the water was
capable of suspending under any conditions. Thus it must.
be assumed that the flow was simply not able to suspend
any more sediment under conditions where the criterion for
auto-suspension was more than fulfilled than under conditions
where it was not.
This would indicate that the concept of auto-suspension
as formulated by Bagnold is not a valid theory governing
the suspension of fine material in turbulent flows and that
the energetics analysis employed to derive the criterion
is not sufficient to accurately describe the system.
In an admittedly simplistic way, the primary fallacy
involved is that the theory attempts to compare the vertical
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component of the water velocity to the vertical fall velo-
city of the sediment relative to the bottom, which is the
fall velocity in still water. The error here is that the
fall velocity of a sediment grain is not determined relative
to the surface toward which it falls but by its velocity
relative t.o the water through which it falls. The sediment
will be moving with the water and its fall velocity through
the water will be in addition to this motion. Thus the
vertical velocity Qf the sediment will be the vector sum
of its still-water fall velocity and the vertical component
of the water velocity (Tisinf), which means that the vertical
velocity of the sediment will always be greater than the
vertical velocity of the water by an amount equal to the
still-water fall velocity of the sediment.
In a more general sense, the error in Bagnold's anal-
ysis is that by ignoring the details of the turbulence mech-
anism he ignores possible interrelations between the forces
acting in the flow. His analysis attempts to treat 5 and
w as independent variables by assuming that w is the con-
stant still-water fall velocity and is unaffected by the
turbulence structure of the flow. It is dangerous to make
such assumptions without knowing more about the details
of the turbulence mechanism and how the various parameters
interact with one another.
The complexity of the problems associated with under-
standing the mechanics of turbulent fluid flows with sus-
pensions of fine particles is such that new theories need
always to be subjected to controoled tests before they are
accepted and applied. Only by such tests is it possible
to determine positively which reasoning is valid and which
is an outgrowth of the generally poor understanding of the
details of-such flows.
Longinov (1971) and Pykhov and Longinov (1972) state
that while auto-suspension is possible in theory it has
never been achieved-in the laboratory and suggest the pos-
sibility that the energy equations which were used to derive
the theory do not cover all of the conditions necessary.
This seems likely to be the case, and knowledge of what the
necessary conditions are must come from studying the de-
tailed dynamics and kinematics of the turbulence mechanism.
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